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Aye, cover up her filthiness, 
long has she flowed in slime; 
Sequestered, let her putrid waves 
Stench on 'till end of time 
Her turbid waters, wont to lave 
The yearlings shivering frame, 
With stagnant scum unbroken hence, 
May creep, bereft of fame.
Those stinking banks,oft smeared with gore 
Will cease to nauseate;
Let T. A. and Ma-wanda chant 
A requiem, o'er their fate;
Ho more they'll feel the proud soph's tread 
Or hear the frightened cry,
The modern sanitary craze
Will hide them from the eye.
Oh, nasty, cursed artery 
•Of Champaign and Urbana,
For us, for you, your banishment 
Will be a true Hirvana 
Behold, relentless Progress 
Will intensify the gloom;
Thy gurgles, lost to sunlight 
Within a concrete tomb.
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IMPROVEMENT OR THE BONEYARD.
I. INTRODUCTION.
Silver Creek, or, as it is popularly known, the Boneyard,
I K
is the principal drainage channel for an area comprising about six 
square miles in and about the cities of Champaign and Urbana. It 
winds thru the central portions of these municipalities and serves 
: as a natural sewer for the disposal of the larger part of the storm 
water which falls within their limits. The direction of its flow is, 
in general, easterly. It empties a short distance east of Urbana 
into the Salt Eork of the Vermilion River, its waters finally reach- 
ing the Gulf of Mexico thru the Vermilion, Wabash, Ohio, and Miss­
issippi Rivers.
No house sewage is supposed to enter the Boneyard, both 
cities being provided with separate sanitary sewer systems. However, 
manufacturing wastes, rubbish, garbage, grease, oils and other refuse 
are thrown or carried into it in larger or smaller quantities, so 
that the stream frequently exhales disagreeable odors and presents 
an unpleasant appearance. No attempt is made to keep the channel 
clear; it is obstructed thruout its length by brush and masses of 
rubbish, and the banks are always unsightly.
It has been claimed that the stream is a menace to the 
health of those who live near it, and there has been considerable 
agitation in favor of enclosing it in a suitable conduit thru both 
cities. Plans have been drawn up for a three-ring circular brick 
sewer to occupy the present channel, but it is not evident how soon 
this scheme may be adopted.
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The present city administrations are understood to favor 
the improvement; but there is much opposition to it in both munici­
palities; for, while the benefits arising from a covered channel are 
certain, they are more or less negative benefits. At the same time 
the cost of construction makes it appear to many citizens a needless 
expenditure. On the other hand, those who favor enclosing the stream 
assert that increased real estate values on contiguous property would 
largely pay for the improvement,, The Boneyard winds thru a portion 
of the most desirable section of Champaign, the value and growth of 
which is undoubtedly retarded by the present unsanitary condition 
of the stream. The benefits to be derived from a covered channel 
are almost universally admitted, but the more active #ff carts of 
a minority have so far operate to prevent the institution of the 
work, and have kept the Saline Drainage District, of which this area 
is a part, in litigation for several years.
This opposition can not always triumph, however^ for, as 
the cities grow,the creek thru its increasing obnoxiousness will make 
better sanitation indispensable, and arouse a majority of the towns­
people to measures which will result in the building of a suitable 
conduit. Realizing that this step will probably be taken within a 
few years, the authors have set forth a project for enclosing the 
stream thru the campus of the University of Illinois and have pre­
pared designs for the conduit and necessary appurtenances together 
with an estimate of the cost. This district does not lie within the 
jurisdiction of either city, and consequently the conduit may be 
constructed independent of action by either, at any time that the 
University desires.
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The improvement, dealt with in the following pages, em­
braces not only the campus itself, hut all streets intersected by 
the Boneyard between and including Wright Street and Goodwin Avenue. 
The location is indicated on Plate I by the section A - A, and in 
more detail on Plate II. The stream flows almost due east thru this 
stretch; and the proposed line follows quite closely the present 
stream bed, except for the portion between Sta. 2 and Sta. 5 where 
the stream describes a detour to the south. At this place the con­
duit continues in an easterly direction, meeting the creek again 
near Sta. 4 + 50 just east of Burrill Avenue. The photographs, Pigs. 
1 , 2, 3, 5, 7 and 9 give a very clear idea of the nature of the 
stream in its normal condition, while Plate II shows the relation 
of the proposed conduit to the present channel and to nearby build­
ings.
The total length of the conduit is 1454.3 feet and the 
alignment is straight except for a 10° curve (radius - 573 feet) at 
Sta. 3 + 86. (See Plate II). By introducing a curve at this point 
instead of an angle the loss of head is materially reduced.
Pig. 1.
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II. RAINFALL AND RUNOFF.
The volume of water to be dealt with depends upon the in­
tensity and duration of the rain; and the character, extent and shape 
of the surface upon which it falls. A formula embodying these terms 
has been devised by Mr. E.Kuichling, which formula appears to be 
the most rational and accurate of the multiplicity of equations deal­
ing with runoff. It is 
Q - A C i
in which Q - runoff in cu. ft. sec.
A = number of acres drained
supposed to be a constant expressing 
the relation between rainfall and 
runoff for a particular water shed, 
and i = the intensity or rate of 
rainfall in inches per hour, lasting 
a s\ifficient time to cause all parts 
of the area to contribute to the flood 
wave at a given point at the same 
time. This is the formula which will 
be employed in determining the size 
of the conduit. There are many others 
which aim to give the runoff from any 
drainage area by the employment of 
arbitrary constants. Very little conf 
fidence can be placed in them, their 
only function being to serve as a 
rough guide to the judgment, and, 
after all, rainfalls and floods do
G - a coefficient,
Fig. .
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not consult formulas. Professor A. I. Talbot's formula,which is 
often used for maximum rain-fall in the Atlantic and Central States, 
is
y 1 .1 °.^ . , t being in minutes.
t + 15
For one hour this equation gives y = 1.4 in. as the maximum rainfall. 
It embraces too extended a territory to be at all accurate for any 
one district.
As is evident from the above discussion,the determination 
of the waterway area required for an artificial channel involves a 
study of the district and of the rainfall conditions. While the 
other factors can not be definitely determined, the drainage area is 
readily found. The territory draining to the Boneyard above the head 
of the conduit is roughly 3.95 square miles or 2,525 acres. Of this 
contributing area, approximately 1,835 acres lie within the corporate 
limits of the Twin Cities and 690 acres outside the city limits.
The region may be classed as flat or gently rolling. The 
soil is loamy, but its vegetation is not so luxuriant as to retard a 
large percentage of the water which it receives, altho its slope is 
so gentle that the run-off will require considerable time to reach 
the sewers. From observations which have been made, the time requir­
ed for the crest of a flood to reach the University pumping station 
is about one hour and this time will be used in the calculations. It 
must be borne in mind, however, that with the further improvement of 
the streets of the district and the increase of impervious area and 
with the construction of a"covered channel for the Boneyard above 
the proposed conduit, the time of concentration will be materially 
shortened, so that a rainfall of maximum intensity for 40 or 45
6 .
minutes might more nearly represent the most serious phase of the 
problem.
Rainfall measurements are made at the local weather bu­
reau, but the records are far from complete, accurate or satisfact­
ory. A self-registering gauge was not installed until 1904, and is 
frequently out of order or frozen up. Some extracts from the Met­
eorological Record of the University of Illinois are given in Table 
I, which include recorded rains of over 2 inches. As seen in the 
table the highest recorded rate for one hour was 0.95 in. on July 
6 , 1909.
The records of the Springfield (Illinois) Bureau are sum­
marized in Table II. They are somewhat more authentic, although the 
self-registering gauge is not xised in winter, and there is a possi­
bility of ejxcessive precipitation during that season. The winter 
rains are usually slower and of longer duration, however, and are 
not likely to give a maximum run-off from so small an area. "The 
heaviest fall occurred on July 6 , 1912. One inch fell in a frac­
tion over 11 minutes, The total amount of 2.74 in. in one hour, 
breaks all records for intensity at this station; the greatest pre­
vious amount being 1.57 inches on June 7, 1896. Prior to 1901 the 
records were made by measurement and eye observation. Since that 
time a self-recording gauge has been in use" .*
Rainfall data secured at St.Louis, Missourishows the 
extreme precipitation listed in Table III.
*0. J. Root, Section Director, The Weather Bureau, Spring- 
field, Illinois.
**Transaction of the Academy of Science of St.Louis. Vol.2,
Mo. 2.
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TABLE I.
Showing Rains of over 2 inches at Urbana, Illinois
1897-1911.
Date
Maximum RainfalLI for
10 min. 60 min. 24 hr.
July 10, 1897 2.91
Jan. 27, 1898 2.51
July 23, 1898 2.40
July 27, 1898 2.51
Oct. 27, 1899 2.16
Aug. 12, 1900 2.73
July 2, 1901 2.31
Oct. 12, 1901 2.32
Dec. 12, 1901 2.97
June 15, 1902 * 2.24
June 28, 1902 * 2.97
June 29, 1902 * 2.00
Aug. 5 , 1902** 2.58
Aug. 13, 1902** 2.33
Aug. 18, 1902** 3.11
Apr. 11, 1903 2.14
May 21, 1903 2.35
Mar. 25, 1904 .27 .56 2.37
Aug. 17, 1906 2.21
May 23, 1907 2.40
June 1, 1907 2.41
Apr. 6 , 1909 .20 .55 2.40
Apr. 12, 1909 .12 .39 2.13
July 6 , 1909 . 35 .95 3.15
July 12, 1909 .30 . 6 5 2.16
Aug. 25, 1909 2.33
June 27, 1910 .52 .85 2.75
Sept.25, 1911 .25 .80 3.02 •
*The total rainfall for this month is given as 
10.98 in. This figure however is questioned by the 
bureau.
**Total rainfall for the month 9.80 in.
8 .
TABLE II.
Heavy Rains at Springfield (Illinois).
1888-1912.
Yearly Distribution Monthly Distribution.
Year No rains exceeding Month No rains exceeding
1 in. per hr. 1 in. per hr.
1888 3 Jan. Gauge
1890 1 Peb. not in
1891 1 March operation
1892 3 April 2
1894 1 May 6
1896 2 June 7
1901 1 July 5
1902 2 Aug. 5
1905 1 Sept. 3
1906 1 Oct. Gauge
1907 3 Nov. not in
1908 2 Dec. operati on
1909 1
1910 1
1911 3
1912 2
Total 28
Average no. per yr. 1.1
TABLE III.
Excessive Rains at St.Louis, Missouri.
Date Total rainfall 
Inches
Durati on 
Hour s
Aug. 22, 1841 4.78 5
June 9, 1843 2.30 2
May 6 , 1848 5.22 3
Aug. 15, 1848 5.05 1
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The method of making the 
observations at St.Louis is not known, 
and little attention will be given 
them.
The conclusions reached are 
that a conduit designed for a rain­
fall of one inch per hour will be 
large enough to dispose of all except 
very severe and infrequent rainfalls 
and that rains exceeding this rate 
occur so seldom that it will not be 
economical to provide a culvert large I 
enough for them.
The storm water run-off from i 
the drainage area is the chief factor 
influencing the size of the conduit.
In the rational formula the coeffi- 
3. cient, G, is even more difficult to
obtain and less accurately determined than the rate of rainfall. All 
water falling in the district not disposed of by evaporation or per­
colation must be carried by the drainage system. Evaporation is de­
pendent on the temperature and vegetation, and increases with an in- ;| 
crease in rainfall. For so short a period as one hour it is neglible.;
The surface, its slope, and its vegetation all influence 
the amount of water absorbed by the ground. For flat or nearly flat 
country the percolation is considerable, altho the percentage flow­
ing off will increase with the intensity and continuation of the 
rainfall. In the outlying districts which are not improved, the soil
1 0.
for the most part is rather porous. That part of the area within
is to take care of maximum rainfalls 15 or 20 years or more in the 
future. The relative proportion of improved areas may be seen from 
the map, Plate I, the paved streets being shown in yellow. The run­
off from paved streets and courts, sidewalks, and roofs is taken at 
100 per cent. At this time, at least, there does not seem to be a 
disposition towards congestion in housing, the cities spreading out 
as they grow; so that a large portion of the residence district, es-
ign, is, and probably will be for
very small. Within the area there are three small parks contribut­
ing a slight amount of water froni heavy rains to the sewers. Then, 
too, much water will pass from the roofs into cisterns instead of 
into the sewers; and it will be found that the quantity of water to
A thorough investigation of the run-off from the area has 
never been made, and as such an investigation is hardly v/ithin the 
scope of this thesis, nor possible in the time at the disposal of 
the authors, an assumption of a run-off factor will be made based 
upon a study of the topography of the district. It is believed that 
a value of 0.45 will very nearly apply to present conditions, and 
give a reasonable allowance for future growth.
Using the values above determined ( A = 2525, C = 0.45,
the city limits must be considered as fully improved if the conduit
lawns from which the run-off is
be d L of is less than might at first be estimated.
i z 1 )
in the formula
Q - A G i
1 1 .
a run-off of 1,136 cubic feet per second results. The effect of 
different values of 0 and i on the run-off is shown by Table IV.
TABLE IV.
Effects of different values of G and i on Q.
Runoff - cu. ft. per CO CD o
Values
of
G
"i" in inches per hour
0.8 0.9 1 . 0 1 . 1 1 .2 1.4
. 35 707 796 884 972 1,061 1 ,,238
.40 808 909 1,010 1 , 1 1 1 1 ,2 12 1,414
.45 909 1,022 1,136 1,250 1,363 1,590
.50 1,010 1,137 1,263 1,389 1,516 1,768
.55 1 , 1 1 1 1,250 1,389 1,528 1,669 1,945
.60 1 ,212 1,364 1,515 1,667 1,818 2,121
Fig. 4.
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Fig. 5.
Due to the lack of measurements of the flow of the stream 
itself, the probable run-off of the district has been determined 
from a careful study of conditions; and,in the absence of data, the |
selection of the required cross-sectional area has been based almost
I
| wholly upon the theoretical treatment. As a rough check on these 
computations a series of gaugings were taken on March 25th, 191^, 
during the excessive rainy spell of that month. On that day the 
stage of the Boneyard was higher,wre are certain, than at any period 
during the preceding three and a half school years, although the 
stream was at no place out of its han^s. A (jurley electric current
1 %-L .
meter was utilized and the following results were obtained.
Width of stream at water line............. 16 ft.
Average depth ............................. 2.55 ft.
Cross-sectional area .....................  37.6 sq. ft.
Average velocity .........................  3.02 ft./sec.
Discharge ..........  .................... 114 cu. ft./sec.
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The quantity obtained by the computations based on rain­
fall being 1,136 cubic feet per second or almost ten times the ob­
served volume, the discrepancy is startling. It may be partially 
explained however, in several ways. In the first place the conduit 
is designed for a rainfall of an inch an hour at a time when the 
ground is saturated. The rain causing the above flood, altho long 
steady, at no time exceeded an intensity of 0.23 in./ hr., while 
in our design an intensity of an inch an hour with saturated ground 
is taken. It is believed that the intensity assumed for purposes 
of calculation is not too high, for rainfall observations made in 
this state have shown that such rains are by no means rare. The run­
off factor is of course largely conjectural but it has been chosen 
after a rational study of the influencing factors. Finally, the 
gaugings referred to were taken after the flood has receded at least 
a foot (noted) from its highest mark, and very likely more. The 
maximum discharge from this freshet then must have been at least 
200 ft.3/ sec. Moreover, if the City of Champaign, as seems prob­
able, should enclose the Boneyahd and connect the sewer to the con­
duit under discussion it is clear that a flooderest woiild arrive 
at the inlet thru this artificial channel much sooner than has been 
considered in the calculations and bring an increase in volume of 
water nearly proportional to the greater intensity of rainfall for 
the shorter period.
A rain occurring in 1905 far eclipsed this flood and 
caused the Boneyard to overflow its banks thruout its length. Un­
fortunately no record of the rainfall has been preserved and no 
gaugings were taken. The basements in adjacent University buildings
15.
(the Electrical Engineering and the Applied Mechanics laboratories 
and the old Power Plant) were flooded and all cellars along the 
route were inundated. The adjacent streets were under water and the 
damage to property was considerable. A good idea of the flood stage 
of the stream may be obtained from Pigs. 4, 5, and 9, which were 
taken at that time between Wright Street and Burrill Avenue, A com­
parison of Pigs. 5 and 6 will show how far in excess of the normal 
was the 1905 flow. The flow line in Pig. 5 is probably higher than 
usual, the normal flow being only a few inches in depth.
As a check upon the cross-sectional area of the conduit a
cross section of the stream was measur­
ed near Sta. 8 , where the banks are 
well defined, and the area of waterway 
found to be about 102 square feet. The j 
total cross-sectional area of the con­
duit as finally designed is 125 square 
feet. At the point where the measure­
ments ?/ere made, the channel is wider 
and deeper than the average cross sec­
tion; but in flood time the stream over­
flows its banks in many places,so that 
the average channel is no indication of 
the amount of water to be expected at 
the time of extreme flood.
The section measured may be 
seen in Pig. 7, just beyond the concrete 
discharge pit from the Mechanical En~ 
Pig. 7. gineering Laboratory.
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III. - DESIGN OF WATERWAY.
The design of a waterway is influenced by several require­
ments in addition to the necessary capacity. The most important of 
these are the limitations on the gradient and the height of the con­
duit.
As shown on the profile the grade of the Boneyard is very 
flat, there being a fall of only about 5 feet in 1450 feet. The 
condition of the stream below Goodwin Avenue and its outlet will not 
permit of increasing the slope so the maximum gradient which it is 
possible to utilize is about 0.00206.
The height of the conduit is limited by the available 
headroom under the intersected streets. Only about eight or nine 
feet intervene between the bed of the stream and the gutter line of 
these streets, and the extreme vertical dimension of the sewer must 
be kept within this distance.
No matter what type of conduit is used, it will be neces­
sary to either remove or raise the small one-story building connect­
ing the pumping plant and the old boiler plant. This building,shown 
in Pig. 8, spans the present channel. The figure shows clearly the
Fig. 8.
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small clearance existing "between the water surface and the floor 
stringers. The room has "been flooded several times during high wat­
er and, apart from the proposed scheme, might well be raised to pre­
vent a recurrence of overflow. If the proposed plans for campus 
improvement are carried out, the old power plant will be removed so 
that as an obstacle to this design, the building alluded to need
not be considered.
For the design of large conduits, such as this, Chezy's 
formula is almost universally used to obtain the mean velocity of 
flow. The discharge is equal to this mean velocity multiplied by 
the area of flow. The expression is
V - C y r  s
where
V
r
s
G
mean velocity in cubic feet per second 
hydraulic radius in feet 
hydraulic slope 
a coefficient
The coefficient, c, is determined from Xutter's formula 
1 ' 81 * 41.65* ° - ° ° 28n s
~ n(41.65 + 0.0028) 
1 + _________ s___
V~r
in which s and r are the same as in Ghezy1s formula and n is a co- 
efficient of roughness. Turneaure and Russell* recommend as good 
practice the following values of n for various types of conduits.
* Public Water Supplies, p. 256.
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Heat cement or very smooth pipe 0.010 
Unplaned timber or ordinary pipe 0.012 
Smooth ashlar masonry or brickwork 0.013 
Ordinary brickwork 0.015 
Rubble masonry 0.017
A value of n of 0.013 will be used in this design.. Altho 
higher than is usually assumed for concrete sewers, the difference 
is on the side of safety and will allow some rubbish to accumulate 
in the channel without decreasing the flow below that calculated. 
With an absolutely clean bore the capacity will be slightly greater 
than that computed.
There are many different cross-sections employed in sewers 
of this sort, the more usual forms being the circular, the egg- 
shaped, the rectangular, and various modifications of them. Hone of 
these however can be used in this case. For the most common type, 
the circular, a preliminary design will be made in order to show 
the impracticability of its use.
From butter's formula, G = 136, (using an assumed value 
of d = 12 feet; which assumption is justifiable as the tern involv- 
; ing r has a very slight effect on the value of c)
v = £A
and substituting from Chezy's formula
j = c . .. ......(1.)
For circular sewers of diameter d
19.
r -
and
A = it d
Substitxiting these values in (1) gives
4Q„ - C
rrd‘
from which
ds = _§JL
TT C S
For a capacity of 1136 cubic feet per second the required diameter 
is 11.7 feet, which far exceeds the available height. Even if the 
limitation in head room did not exclude the circular conduit it 
would not be the most desirable type because of the low velocities 
obtained during ordinary flow and the consequent liability of the 
channel to become obstructed by the deposition of silt and debris.
The egg-shaped sewer while giving greater velocities at 
low flow requires even greater depth than the circular form and 
hence must be ruled out. The rectangular meets better than any 
other form the requirements for large capacity with small head room, 
but it, too, is unsuited for the proposed plan as it does not create 
a flushing velocity for low flow.
If any of the types discussed were to be used it is prob­
able that a sand box would be needed at the upper end to catch all 
floating rubbish and other matter which would be liable to settle 
in the conduit becaxise of poor velocities. We believe that a sand 
box would not be desirable in this instance, however; for, unless 
it could be cleaned frequently, it would create that nuisance which
it is the object of the covered sewer to abolish ,and if cleaned reg­
ularly it would prove a continual source of expense.
For these reasons a sewer to fit the needs of the problem 
has been specially designed. The form finally adopted it is believed 
meets the requirements. As shown in Plate IV it is a combination of 
the elliptical, rectangular, and circular forms so utilized as to 
secure in one sewer the benefits belonging to each type. It is 
really not one conduit but a group of three. From the bottom of the 
invert of the central conduit, the deepest one, to the outside of 
the crown it measures 7.5 ft.; consequently, when the pavements on 
the different streets are relaid, the grades will have to be altered 
but slightly for a short distance either side of the crossings.
As shown in Plate IV the invert of the center conduit is 
an arc of a circle while the other inverts are three-centered. The 
cover of each barrel is a three-centered arch. The total width of 
waterway is 24 ft. and the overall width of the complete structure 
is 26 ft. 10. (Plate IV). This is narrow enough to allow sufficient 
clearance in the strip east of Burr ill Avenue between the Mechanics 
laboratory and the old power plant where the clear distance between 
footings of these buildings,measured at right angles to the axis of 
the sewer, is 35 ft. As laid out, the center line of the conduit 
runs about 15 feet south of the footings of the power plant. At no 
other place does side clearance become a problem.
The center section of the conduit is designed to care for 
all ordinary flows, the side barrels being called into use only 
during flood time. The center barrel is laid at about the grade of 
the present stream, being given a fall of 3 feet in 1,450,or a
El.
gradient of 0.00206.
As seen in Plate V, the invert of the center "barrel is 1.5 
ft. lower than that of the adjoining barrels at the upper end of the 
conduit,while at the lower end (Plate VI.) the inverts are all at 
the same elevation. This arrangement accomplishes a two fold pur­
pose. At time of ordinary flow, the stream is confined to the cen­
tral channel thus insuring a greater velocity;nor are the side chan­
nels necessary until the flow reaches 1.5 ft. in depth and the dis- 
charge 32.8 ft.*'/ sec. The side conduits having 1.5 ft. greater 
fall than the center one (4.5 ft. in 1,450, or a gradient of 0.00309 \ 
their velocities and capacities for all flows are decidedly greater 
than if the drop was 3 ft. for all of the conduits. The maximum 
velocity attained is 11 ft./ sec.; but, altho this is high, it is 
believed that, occurring as it will at long intervals and over short 
periods of time, the danger of attrition will be slight.
The minimum velocity in the side conduits is nearly 3 ft. 
a second, insuring that the sewer will be free from deposits and that 
there will be no odors emanating from the auxiliary conduits when 
dry, as they will be much of the time.
The second advantage of this arrangement of the conduits 
is the securing of a flushing velocity at low flow. By confining 
the water to the one channel at stich times a greater depth of flow 
is secured and a consequent greater velocity. Ho data on the min­
imum flow of the Boneyard is available, but the authors believe, from 
observations extending over three years, that the depth of flow will 
never be less' than 6 inches in the center conduit, corresponding to 
a discharge of 3.2 cubic feet per second. Manufacturing wastes,
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runoff from the sprinkling of streets and lawns, etc., help to main­
tain a steady minimum flow at all times of the year. With, the flow
assumed above, the minimum velocity will be nearly 2 1/2 feet per
b /second, which is sufficient to prevent the deposition of material 
on the invert.
V  <V'V\
The discharge and velocity for various depths of flow have 
been calculated and are given in Table V. Curves are also plotted 
in Pigs. 10 and 11, showing the relations of these quantities. The 
capacity of the whole sewer is 1,189 cubic feet per second, which 
corresponds to a 46.5 per cent run-off.
A secondary advantage of the design adopted is its flex­
ibility. It is believed that a flood will occur every 8 or 10 years, 
possibly oftener, which will tax the capacity of the sewer. Realiz­
ing, however, that it is frequently the short-sighted policy of 
municipalities or of those who are paying for the construction of 
such a utility as this to cut down on the computed or theoretically 
obtained capacity, (for they are often skeptical of figures and ad­
dicted to a secret belief or hope that such floods as are anticipat­
ed will never occur, and that consequently money spent for additional 
safety is thrown away; or because they contend, perhaps rightly, that 
the damage caused by an occasional and exceptional flood will not 
equal the interest on the larger conduit which would accommodate 
that flood), the authors have prepared a flexible design with accom­
panying costs. That is, either one, two, or all of these tubes, in 
any combination, may be constructed, and if desired others may be 
added later. With this possibility in mind graphs have been plotted 
in Pig. 11 indicating the capacities for various depths of the dif­
ferent units and association of units, and costs have been prepared
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If i t  should be found expedient to do so, the omitted bar­
rel or Parrels could he added at any time, a decision to tmild a 
channel palpably inadequate to dispose of ordinary floods should not 
pp reached, however; for such a channel must sooner or later Pe en­
larged and at a much greater unit cost than if built of the proper 
size originally when the plant and materials were on the ground.
t k t
TABLE V.
Discharge and Velocity for Various Depths of Flow.
Center Conduit s - 0.00206
Deuth Wetted Area of* Hydraulic C from Velocity t Discharge!
of flow Perimeter flow Radius Rutter's (ft./sec. ( f t . ' 0/ sec.
(ft. ) (ft.) sq. ( ft.) (ft. ) formula
0.5 4.04 1.33 .329 92 2.40 3.21
0.75 4.96 2.32 .468 10^ 3.11 7.21
1 .0 5.79 3.65 .631 107 3.88 14.17
1.5 7.15 6.53 .913 115 5.01 32.8
2.0 8.35 9.81 1.175 120 5.93 58.1
2.5 9.35 13.30 1.422 124 6.75 89.9
3.0 10.35 16.80 1.622 127 7.38 124.1
3.5 11.35 20.30 1.788 129 7.88 159.6
4.0 12.35 23.80 1.928 130 8.24 196.2
4.5 13.35 27.30 2.045 131 8.53 233.0
5.0 14.35 30.80 2.145 132 8.87 273.5
5.5 15.53 34.30 2.235 133 9.05 310.
6.0 16.53 37.78 2.284 133 9.15 346.
6.5 18.03 40.73 2.26 133 9.10 371.
7.0 23.53 42.50 1.81 129 7.90 336.
Side Conduit s = 0.00309
Depth Wetted Area of* Hydraulic C from Velocity Discharge
of flow Perimeter flow Radius Rutter1s ft./sec. i ft/sec ,
(ft. ) (ft.) sq. ft. ft. f ormula
0.5 6.25 2.00 0.32 92 2.89 5.78
1 .0 8.05 5.50 0.684 109 5.01 27.6
1.5 9.25 9.45 1.021 118 6.63 62.7
2.0 10.29 13.80 1.342 123 7.94 109.3
2.5 11.29 18.05 1.60 127 8.94 161.2
3.0 12.29 22.30 1.815 129 9.66 216.
3.5 13.29 26.55 2.00 131 10.28 273.
4.0 14.29 30.80 2.16 133 10.90 335.
4.5 15.86 34.77 2.19 134 11.02 384.
5.0 17.86 38.02 2.13 132 10.75 409.
5.5 23.56 40.15 1.70 128 9.26 373.
*Areas obtained by measuring with a planimeter a cross- 
section drawn to large scale.
|V obtained from the Chezy Formula.
IQ = AV.
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I?. DESIGN OF REINFORCED CONCRETE CONDUIT.
Material.
A conduit of this size might he constructed of brick, of 
masonry, or of plain or reinforced concrete. After an investiga­
tion of the merits of these various materials, reinforced concrete 
was selected as best suited for this particular desiga. A masonry 
conduit would he much more expensive than concrete, and the greater 
roughness of the channel would consider ably decrease the capacity. 
Brick is also subject to this last objection; and, while it might oe 
slightly cheaper than concrete, the difference in cost is small, 
and the sewer not so durable. For equal strength plain concrete is 
more expensive and not so dependable in the resistance of tempera­
ture stresses and shocks.
Reinforcement,
Expanded metal reinforcement will be used as it gives a 
more uniform distribution of stresses and a more economical employ­
ment of metal. It is generally preferred to bars for conduit con- 
struction for these reasons and because of the greater facility with 
j which it may be placed. For the purpose of design it is assumed 
that the metal used is Steelcrete, a patented product of the con­
solidated Expanded Metal Companies, of Pittsburg, Pennsylvania, al­
though any material of equal quality may be employed. Steelcrete is 
composed of a series of diamond shaped meshes 5 in. by 8 in. in size 
| cut from plates of various thickness. Hereafter, the designation 
| of the size of metal employed will be that of the manufacturers.
| This gives the width of the diamond, the gauge of the steel, and 
S the cross sectional area per foot of width in hundredths of a square
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inch. For example, 3-9-15 means a 3-inch diamond, cut from Ho. 9 
plate, and having a sectional area of 0.15 sq. in. per foot of width
esign of arch.
The loads for which the arch must he designed are small, 
except at street crossings. The sewer must necessarily lie close 
to the surface, and it is improbable that at any place there will 
be more than two feet of earth fill at the crown. This creates very 
small stresses,and the minimum thickness of arch which it is pract­
icable to construct should be amply safe. An investigation will 
nevertheless be made to determine the safety of this design.
The stresses in the arch of one of the side conduits will 
be calculated at both the crown and the springing line. As the 
same design'is used for the center barrel of the shorter span the 
unit stresses in it will be smaller than those computed. The dim­
ensions of the arch ring are shown in Plate IV. The thickness is 
six inches at the crovrn and nine at the springing line, and the 
span is eight feet six inches. The reinforcement is 3-9-35 expand­
ed metal placed as shown in Fig. 14.
Earth will be taken as weighing 100 lbs. per cu. ft. and 
concrete 150 lb. per cu. ft. The stresses which will be allowed 
are 16,000 lb. per sq. in. for the steel and 500 lb. per sq. in. 
for the concrete.
The loading considered will be earth fill 2 feet in depth 
at the crown and 3 1/2 feet at the springing line. That is, for a 
section one foot long the load will vary from 200 to 350 lb. per 
foot of arch. The weight of the arch itself runs from 75 to 113 lb.
29-
per foot. These loads are assumed to he distributed as shown in 
Fig. 1 2.
30*/o' . , */a'
Fig. 12. Assumed distribution of load on arch ring.
The method of design will follow closely that developed 
in Turneaure and Maurer's "Principles of Reinforced Concrete con­
struction", pp. 330-35O,and their notation will be used.
H„ = thrust at the crown;
V0 = shear at the crown;
M0 — bending moment at the crown, assumed as positive when 
causing compression in the upper fibres;
F = thrust at any section;
V = shear at any section;
M = moment at any section;
ds = length of a division of the arch ring measured along 
the arch axis;
n = number of divisions in one half of the arch;
I ss moment of inertia of any section = I of concrete +n I 
of the steel, n being 1 5 , the ratio e ,/3Sc-;
Es~ modulus of elasticity of steel, = 30,000,000 lb. per 
sq. in.; Et = 2,000,000 lb. per sq. in.
30
x,y = coordinates of any point on the arcn ring referred 
to the crown as origin, all to Pe considered posi­
tive in sign;
m - Pending moment at any point on the half arch due to 
external loads.
SubscriptsR and L refer to the right and left half of 
the arch respectively.
The first step is to divide the arch into ten parts such 
tnat is constant. For so short a span the exactness of the 
ratio is of little consequence, and the divisions will Pe made so 
that the ratio is approximately obtained. For one half of the 
arch this gives three lengths of 9 inches each, one of 12 inches, 
and one of 20 inches, from crown to springing. The loads will be 
taken as acting vertically at the center points of the segments. 
The resulting forces and their points of application are shown in 
Fig. 1 3.
As developed in the text referred to
u „ n Emy - l i l y  . *.....
0 ~ 2 [ ( Z y / -nlyl
V = ^  ~ lni
2 E  x2
M = - Zrn + 2 H0Z,y
2 n
ll)
( 2 )
(3)
The computations for H 0 and M„ are shown in Table VI. 
V„ = 0 as m R = m L , the arch being symmetrically loaded.
31.
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TABLE VI.
Calculations for H„ and „
Point X
in.
y
in.
xa y2 m L
i n . lb.
m R
in. lb.
(mL+ m R) y
1 4.5 0 .1 20.25 0.01 0 0 0
2 13.5 1 .0 182.25 1.00 -2,025 -2,025 - 4,050
3 22.5 2.6 506.25 6.76 -6,075 -6,075 -31,590
4 32.5 5.8 1056.25 33.64 -12,825 -12,825 -148,770
5 47.0 14.5 2209.00 210.25 -27,687 -27,687 -802,940
Z 120.0 24.0 3974.00 251.66 -48,612 -48,612 -987 ,350
Spring­
ing. 51.0
18.8 2601.00 353.44 -34,768 -34,768
From Equation (1)
H i (-987.350 x 5) - (-97.225 x 24)
° 2 [(24 * - 5(251.66)]
= +1910 lb.
and from ( 2)
M = _ -97.225 + ( 2 x 1910 x 24.0)
2 x 5
= +555 in, lb.
The bending moments, thrusts, and eccentric distances 
at various points are given in Table VII. The bending moments are 
computed from the equation
M - m + M„ + Ho y + V, x
or, since V0 = 0,
M - rn + M 0 + He y .
The thrusts are scaled from the force polygon of Fig. 13. The 
eccentric distances are the distances of the line of pressure from 
the linear arch, and are equal to the moment divided by the thrust 
at the section.
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TABLE V I I .
Bending Moments,Thrusts, and Eccentric Distances.
Point Thrust
lh.
H0y
in. lh. in. lh.
Eccentric
Distance
in.
1 1,920 191 746 0.391
2 1,960 1,910 440 0.224
3 2,030 4,966 -554 -0.272
4 2,170 11,078 -1192 -0.550
5 2,610 27,695 563 0.216
Springing 2,610 35,908 1695 0.650
The maximum compressive stress in the concrete at any
section is
f r
1
A
+ Mu
I
(I - M(d-u)
\A I
and in the steel,
f s - n
where A = the transformed area, that is, the area of the concrete 
plus n times the area of the steel, u is the distance from the com* 
pressive face to the centroid of the transformed area, and fs and 
fc are the unit stresses in the steel and concrete, respectively.
vs
ntruidaI axis
^3-3-3 
Expanded l\A<dal
5CO bCO
3
" "1 
f CO“ l :
a. Grown h. Springing line.
Pig. 14. Cross Sections of Arch Ring.
Principles of Reinforced Concrete Construction, p. 268,
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and
At the crown (considering a section one foot wide)
A - (6 x 12) + 15(0.35)
= 77.25 sq. in.;
u = ( 7 2 i 3 ) + 15(0.35 x 4.5)
77.25
= 3.10 in.;
I 1 12 |_L6f+ 72(o.iof + 15 x 0.35 x (1.40)*
= 226.97 int;
- _ 1910 . 555 x 3.10
' 77.25 + 226.97
= 32 lb. per sq. in.;
.p - 1R (1910 , 555 x 1.40\
1 s " 0 l7Y7S'5 + ~ T 2 '6 .9 '7— J
- 423 lb. per sq. in. (compression.)
At the springing line
A = (9 x 12) +15(0.35)
= 113.25 sq. in.;
U = (108 x 4.5) + 15(0.35 x 7)
113.25
= 4.61 in.;
I = 12 g   W 3 + 108(0. Ilf + 15 x 0.35 x (2.39
12
= 760.30 int;
f = 2610 1695 x 4.61
113.25 760.30
= 33 lb. per sq. in.;
^ c(2610 , 1695 x 2.39A
15t lT § 7 2 5 + “  760730 )
-425 lb. per sq. in. (compression.)
As further developed in the text (p. 343) for the effects
of temperature
Ka = E 1 . c t 1 n
d s 2 [nSy2- Z j f ]
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where
c = coefficient of expansion (0.000006 for concrete),
1 = span of arch,
t - rise in temperature (degrees Fahrenheit), 
and the other notation is the same as on p. 29, the summations be­
ing for one half of the arch. From this equation we have
_ 2 ,000,000 x 226.97 < 0,000 006 x 8 . 5 x l 2 x 5 0 x 5  
° 9 2 [(5 x 251.66) - ( 24 f]
= +3400 lb.
Also
= _ 3400 x 24 
---- T5----
- - 16,300 in. lb.
The temperature stresses at the crown are found as above.
, _ 3400 ,16,300 x 2.90
c “ 77.25
- 252 lb. per sq. in.
and
f - 1 5 (3400 16,300 x 1.40\ 
s V77.25 + " 226.97 /
l 2165 lb. per sq. in. (compression.)
At any section
M - M 0 + Hcy.
This gives at the springing line
M - - 16,300 + (3400 x 18.8)
= + 47,620 in. lb.
The thrust, IT, is the component of H e parallel to the
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axis of the arch ring and is equal to 2230 lb. 
Then
at the springing.
f _ 2250 47,620 x 4.61
113.25 760.30
- 309 lb. per sq. in.
and
fs = i r /2230 ( 47,620 x 2.39\
\113.25 760.30 J
- 2550 lb. per sq. in. (compression).
The temperature stresses are much greater than those due 
to direct loading, the conduit lying so near the surface that the 
latter are almost negligible. Combining the direct and temperature 
stresse, we find a maximum at the springing plane of 342 lb. per sq. 
in. in the concrete and 2975 in the steel, values well under those 
allowed (500 and 16,000 respectively). The arch should be sufficient­
ly strong to carry any live or unsymmetrical loading which may pos­
sibly come upon it, altho such was not anticipated or considered in 
the design.
invert,
For the invert the reinforcement is made slightly heavier, 
3_6_40 expanded metal being used. This extra steel will provide for 
stresses which may develop due to unequal settlement.
Walls
Ho reinforcement will be iised in the interior walls as the 
thrusts of the arches tend to counteract each other, and the walls 
act only as short columns with axial load which they can easily 
carry. The outer walls will be subject to the thrusts of the arches 
at top and bottom and to the pressure of the ^vater within and the
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earth, without. As the stresses produced by these forces are uncer­
tain, a theoretical design is impracticable. A 9 in. wall and 3-6- 
100 re inf or,cement (giving about 1% of steel) will be used, the metal 
being placed as in Plate IV. This will be amply strong, as the wall 
is short and the forces are not large.
Street Crossings.
Because of the much greater loads coming directly on the 
conduit at street crossings a different section must be used at these 
places. Four streets - Wright, Burrill, Mathews, and Goodwin - and 
one alley - near Sta. 7 + 2 5 ,  just east of the pumping plant, - cross 
the line of the sewer. At Wright Street the conduit must carry the 
double track street railway as well as ordinary vehicular traffic, 
requiring a stronger slab than at the other crossings. This section 
is shown in Fig. 15. J. G. Ostrup's Specifications (1911 edition) 
wirl be followed for the loading, the clause pertaining to railways 
reading as follows:
"Any bridge carrying electric railway traffic
shall ------- be designed to carry on each track a
series of cars, each weighing 100,000 lb. ---- . This
load to be distributed equally on two trucks 20 ft. 
centers,each having two axles 5 ft. centers and 5 ft. 
gauge (occupying a length of 40 ft. and a width of 
10 ft.)"
As the total width of the conduit is only 26 ft. 10 in., not more 
than one car on each track can be on the crossing at one time. The 
weight of each car is assumed to be distributed by the ties over a 
width of 8 ft.; and the slab for a distance of 20 ft. (10 ft. each
For longitudinal section at 
W righ t S tree t see Fig. 18.
Reinforcement is expanded metal 
of siz.es indicated(5ee jo. 2 7 .)
3-6-100
C>1CD
Section shown is  a t W right Street. 
Section at o the r s tree ts  d if fe r  from th is  
only in thickness of slab. Slab 12." thick 
a t all other crossings ^varies from 12" to 
IG" a t W righ t S tre e t (see Fig. 18.)
W id th of roadw ay : W Hght S treet, 3 7 '; Bur- 
r i l l  Avenue, 2 4 '; Alley (Sta. 7+25), I-S'; Mathews Ave­
nue, 26 ^  Goodwin Avenu,2 8 '
Fjg. 15*.
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side of the center line of the two tracks) will he made of uniform 
thickness.
Although partially continuous,the slab will he designed as 
a simple beam. The true bending moments will be somewhat smaller
than those computed. For maximum moment the car will be in the pos­
ition shown by Fig. 16. Taking moments about R 2,
+R, x 110.5 - 25,000 x 100.25 - 25,000 x 40.25 = 0, 
from which
R, = +31,800 lb.
Then the bending moment about wheel 2 is
M u = +31,800 x 70.25 - 25,000 x 60 
= +733,950 in. lb.
Ostrup requires an impact allowance equal to S 200300 + L ’
where S is the live load stress and I the loaded span in feet. This 
gives an impact factor of
j - 200
300 + 9.21
40.
= 0.647
and a moment allowance of
Mj = 0.647 x 733,950
- 474,850 in. 15.
The weight of the pavement will he taken at 65 lb. per sq.
ft. and the thickness of slab 16 in., giving a dead load of 265 lb.
per sq. ft. Then the dead load moment is (for a section 8 ft.wide)
„ - £65 x 9.21 x 8 x 110.5
° 8
- 269,700 in. lb.
Taking 14.5 in. as the effective depths
p = 1,478,500
8 x 12 x (14.5f
- 73.3
and
p = 0.0055*
The steel area required per foot of width is 
A = 0.0055 x 14.5 x 12 
= 0.96 sq. in.
This is supplied by 3-6-100 expanded metal.
To provide for negative bending moments over the interior 
walls, 3-6-75 expanded metal reinforcement is attached to the main 
reinforcement at a point 2 ft. from the support, is run upward at 
an angle of 45° to within 2 in. of the upper side of the slab, thence 
across the support and down on the other side in the same manner.
* "Principles of Reinforced Concrete Construction", p. 277.
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The position of the car for maximum shear is shown by Fig.
17.
Taking moments about R 3
+ 2 , 1  7 - 25,000 x 7 - 25,000 x 2 = 0, 
from which
R2 = +32 ,143 lb.
The shear at the support is equal to the reaction.
VL = 32 ,143 lb.
The dead load shear is equal to the dead load reaction.
Hence
VV D
265 x 8 x 7 
2
- 7420 lb.
V = 32,143 + 7,420
= 39,563 lb.,
and the unit shear
v _ 59,563
16 x 8 x 12
= 25,8 lb. per sq. in.,
which the concrete will carry without web reinforcement.
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In order that the soil may support the conduit without 
settlement, footings must he used to provide sufficient hearing area. 
The maximum live load reaction is 32,143 lh. The weight of the pave­
ment and slab carried by each interior wall is 265 x 8 x 8.42 =
17,850 lh. The weight of the wall itself is 150 x 9 x 8/12 = 900 lh. 
This gives a total of 50,893 lh. for the 8 ft. over which the weight 
of the car is distributed, or 6(565 lh. per foot of length. If the 
safe hearing power of the soil he taken at 2 tons per sq. ft. , the
required width of footing is
^ - 6,360, 
r ~T7JUU
= 1.59 ft.
This width will he secured by an offset of 6 in. on each side of the 
8 in. wall, giving a width of 1.67 ft.
The slab at the side of the tracks - and at the other 
crossings, as well, - will he designed for a concentrated load of 
40,000 lh. on two axles 8 ft. centers (occupying a width of 10 ft.) 
For such short spans this will give higher stresses than any likely 
uniform load. For maximum moment the loads will he so located that 
one axle is over the center of one of the side conduits. This gives
a moment equal to
M ' _ 20,000 x 110.5
" u 4
= 552,500 in. lh.
or, per foot of width,
‘*l= 55,250 in. lh.
For this loading Ostrup gives an impact factor
I = 100
300 + L
100
300 +9.21
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1
= 0.324
and the moment allowance is, 
U x = 0.324 x 55,250 
- 17,900 in. lb.
For a brick pavement weighing 55 lb. per sq. ft. and a 
12 in. slab, the dead load is 215 lb. per sq. ft. and the dead load 
moment
„ _ 215 x 9.21 x 110.5- o ~ 8
= 27,400 in. lb.
The total moment is 
M = 55,250 +17,900'+ 27,400 
= 100,550 in. lb.
Using an effective depth of 10.5 in.
p - 100,550 
* 12 x( 1 0.5
- 76
and
p - 0.006
The steel area required per foot of width is 
A = 0.006 x 10.5 x 12 
= 0.76 sq. in.
The same mesh used under the tracks, 3-6-100, will be used here, and 
the slab will be sloped from 16 in. in thickness for the 20 ft. 
section at the center of the street to 12 in. at the gutter as shown 
in Fig. 18. The total width of the pavement is 37 feet.
at the other crossings the 12 in. slab with 3-6-100 rein­
forcement will be used for the entire roadway. The width of Burrill 
Ave. is 24 ft., Mathews, 26 ft., Goodwin, 28 ft., and the alley,15 ft .
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Pig. 18. longitudinal section of slat) at Wrignt Street Crossing.
.
These crossings differ from that at Wright Street only in the thick­
ness of the cover slat).
As is shown in Pig. 13, the invert at all crossings is 
suspended from the walls. The reinforcement is 3-6-4.0, the same as 
in the standard section, and is carried up the partition walls and 
tied to the slat) reinforcement. It is 30 placed as to reinforce the 
fillets between the slab and the walls. Por the exterior walls 3-6- 
100 is used as for the regular section.
Wing walls.
Wing walls are provided at the upper end of the conduit, 
altho, if Champaign should enclose the Boneyard, as discussed in the 
Introduction, they would be unnecessary, a direct connection being 
made with the Champaign sewer. The wings serve a three-fold purpose: 
to concentrate the water, especially during floods, so that it may 
enter the conduit without disturbance and loss of head, to retain 
the adjacent banks, and to prevent water getting behind the conduit 
walls. The plan of the wings is shown in Plate V. They are design­
ed to be independent of the conduit itself, altho they may be dowel­
ed to it.
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The height of the walls above the invert of the center 
conduit will he made 8 ft. and they will he extended down 1 ft. be­
low the invert to the top of the footings, the total height, h, be­
ing 9 ft. The exact earth pressure on a retaining wall can not be 
obtained; it varies with the nature of the soil, the condition of 
the ground (dry or water-soaked;, the method of back rilling, the 
surcharge, Qtc., but no formula which can be applied with assurance 
has yet been developed for finding earth pressure. The equivalent 
fluid method is most convenient and is sufficiently accurate, in 
view of the assumptions necessary in the more complicated formulas. 
This method considers the earth to act as a fluid, the density as­
sumed for this fluid being dependent on the nature of the filling.
An equivalent fluid weight, w', of 25 lb. per cu. ft. 
will be assumed. Then the total fluid pressure is (for a section 
one foot long)
H = 1/2 w'h2
= 25 x ( 9 f  
2
= 1012.5 lb.
This force is applied at a point one third of the height 
of the wall above the base as shown in Fig. 19.
At the top of the footing the bending moment i3 
M = IO12 .5 x 3 x 12
= 36,450 in. lb.
If 0.5 f0of steel be used 
R = 10 ,
_ 30, 450 
70
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= 521 in!,
and d = ,/ 521
v 12
- 6.6 in.
To take care of stresses due to temperature, impact, etc., a uniform 
thickness of 9 in., with an effective depth of 7.5 in. will he used. 
The area of steel per foot required is 
A = 0.005 x 7.5 x 12
- 0.45 sq. in.
This is supplied by 5/8” round rods spaced 7 1/2" center to center. 
The bending moment 6 ft. below the top is
■
M ’ = 26 x (6 2 6 x 12
2 * 5
= 10,800 in. lb.,
and at .3 ft. below the top is
M" - 25 z (3 5 x 12
2 * 3
= 1350 in. lb.
As the bending moments decrease, the reinforcement may be decreased. 
FQr a wall of uniform thickness the area of steel required varies 
approximately with the bending moment. In this wall every ninth 
rod will be carried to the top, every third rod to within 3 ft. of 
the top, and the remainder only 3 ft. above the top of the footing. 
This amount of steel will be ample to carry the bending moments in 
the wall. The arrangement of the rods is shown in Fig. 19.
Horizontal reinforcement of 1/2 in. round bars spaced 10 in. 
apart, and giving 0.25$ of steel will be arbitrarily chosen. The pur­
pose of this reinforcement is the prevention of cracks from tempera- i 
ture stresses and other causes.
As found above, the horizontal pressure at the top of the 
looting^ is lb. per foot of width. ^ This force produces __  
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shearing stresses in the wall, The unit stress is
V = 1012.5
12x 9
= 9.4- lb. per sq. in.,
which is negligible.
The projection extending below the footing (Fig. 19) will 
prevent sliding on the foundation,and will also serve to Keep water 
from undermining the wall. It is reinforced by 5/8 in. round rods 
spaced 12 in. apart and extending to the top of the footing.
For stability against overturning the resultant pressure 
should fall within the middle third of the base. The overturning 
moment is due to the fluid pressure H. The resisting moment is due 
to the weight of the wall, the footing, and the earth prism above 
the inner cantilever.
Wt. of wall = 9/12 x 9.00 x 150 = 1012 lb.
Wt. of footing = 9/12 x 4.25 x 150 = 478 lb.
wt. of earth = 2 x 9.00 x 100 - 1800 lb.
Total vertical force (W) - 3290 lb.
The moment of these forces about the outer toe is
M — + 1012 x 1.875 + 478 x 2.125 + 1800 x 3.25 
= + 8708 ft. lb.
The distance of the resultant of the vertical forces, W, from the
outer toe is
x = 87Q 8 
3290
= 2.67 ft.
Combining P and w graphically (Fig. 19) we find that the resultant 
falls 1 . 5 ft. from the outer toe, which is within the middle third. 
The wall is therefore 3afe against overturning.
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The maximum pressure on the soil is found from
p = w , 6 w a
I + p--~
where
and
1 = width of base
d = distance from the center of pressure to the center 
of the base.
For this case
d = .. li|L- - 1.5
and
0.6E5 ft.,
t> r 5290 , 6 x 3290 x 0.625 
4.25 + (4.25 )z
= 1460 lb. per sq. ft., 
which is easily safe.
The minimum pressure is
p - W _ 6 W d 
1 1*
5290 _ 6 x 5290 x 0.625 
4.25 f 4.25f
- 90 lb. per sq. ft.
From these values of P and p the foundation pressure dia­
gram of Fig. 19 is drawn.
The forces causing bending stresses in the outer cantilev­
er of the footing are its weight and that of the earth above it 
and the upward pressure of the earth beneath.
J
5 0 .
The downward pressure is
F, = (1.5 x 9/12 x 150)+ (1.5 x 1 x 100)
= 320 l h .
The moment arm of P about the center of the wall is
= 1.125 ft.
The upward pressure is
Ji = (1460+856) x |U t A « |
2 6
= 2,170 lh. 
and its moment arm is
a2 = 1.02 ft.
The bending moment then is
M - [(2170 x 1.02) - (320 x 1.125)] 12
- 22,250 in. lb.
For an effective depth of 7.5 in.
- 22,250
* 12 x (7.5 f
-3, 
p = 0.0025,
and
A = 0.0025 x 7.5 x 12
- 0.225 sq. in.
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This area is more than supplied by bending the 5/8 in. rods of the 
wall reinforcement (A = 0.45) out into the footing.
The shear at the junction of the footing and the vertical
j slab is
V =: (1M9.±855 x 1>5) _ (100 x 1>5) _ (150 x 9^lg x 1>5) 
1420 lb.,
and the unit shear is
V - 1420
-
9x12
13 lb. per sq. in.,
which is easily carried.
The bond stress is approximately
u 1420 x 7.5
1.96 x 12 x 0.87 x 7.5 
69 lb. per sq. in.,
which is within the allowable stress.
For the inner cantilever, the dov/nward pressure is
F, " (2 x 9 x 100) + (2 x 9/12 x 150) 
2025 lb.,
and the upward pressure is
j - (8 M -t 30) x 2
945 lb.
The shear then is
V = 2025 - 945 
1080 lb.
and the number of 1/2 in. round bars per foot required for an allow-
able bond stress of 80 lb. per sq. in. is
_______ 1080_________
1.57 x 0.87 x 7.5 x 80
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= 1.32,
giving a required spacing of 9 in. A 7 1/2 in. spacing will be used 
I as in other parts of the wings.
The unit shear is
v - 10809 x 12
- 10 lb. per sq. in., 
which is very low.
The bending moment at the wall is 
M = [(2025 x 1) - (945 x 0.73)] 12 
= 16,000 in. lb.
For the rod spacing chosen, p = 0.0035 and R = 50. The 
resisting moment,
M = 50 x 12 x (7.5 f
- 33,800 in. lb.
which is greater than the bending moment.
'
These calculations show the section of Fig. 19 to be safe
.
in every way.
At intervals of 5 ft. just above the water level, 2 in. 
drain pipes are run thru the wall to carry off any water which may 
accumulate behind it.
Parapet and cut-off walls.
At the end of the conduit, parapet walls extend above the 
surface of the ground, to retain the earth behind them and to pro­
tect the ends of the sewer. To prevent water from undermining the 
conduit, apron or cut-off walls, one foot thick, will be extended 
two feet below the invert of the central barrel. Plates V and VI 
show the construction of the inlet and outlet in detail.
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Manhole.
But one manhole will he built for the entre conduit and that 
at Sta. 7+25 in the alley east of the pumping plant. The total 
length of the sewer being only 1900 feet and the barrels being of 
such size as to permit of ready access, one opening is sufficient. 
The conduit may be entered from either end^and the maximum distance 
to be traversed in cleaning is less than 375 feet.
As shown in Pig. 20, the three barrels will be reached by 
one opening in the cover slab. An iron manhole cover three feet in 
diameter is placed directly over one partition wall so that the cen­
ter and one side conduit are entered directly. Two half-inch steel 
rods are bent and placed so as to form steps one foot apart on each 
side of the wall. Hand rods are also provided on each side of the 
opening. The other side conduit is reached from the central one by 
an opening 2 ft. 6 in. high and 3 ft. wide thru the partition wall.
5*+.
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Y. SPECIFICATIONS.
A brief set of specifications for the construction of the 
conduit is given below. In these, no attempt is made to cover in a 
systematic manner all points which should be taken up in a set of 
specifications for the construction of the conduit, but only to 
touch those features which are especially pertinent to this work.
The 1904 specifications of the American Railway Engineer­
ing Association for portland cement concrete shall be followed thru- 
out .
Cement.
The cement shall conform fully to the latest specification! 
adopted by the American Society for Testing Materials.
Stone.
The maximum size of stone employed in the concrete shall 
be 3/4 inch.
Consistency.
The concrete shall be of such a consistency that it will 
flow readily into the forms and about the reinforcement, but not so 
thin that the aggregate will separate from the cement in handling.
Finish.
Care shall be taken to secure a firm, smooth surface free 
from fins, honey-combed spots, or holes on the interior of the con­
duit. All curves on the interior of the conduit are to be worked
________________ _ ______________________1
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from templets accurately made and set to the grades given by the en­
gineer. The thickness of concrete shall in no case be less than that 
given in the details.
Reinforcement.
The reinforcement shall consist of expanded metal equal in 
quality to Steelcrete. It shall be of the sizes shown on the draw­
ings and shall be placed as indicated in the plans and description 
of the design. All sheets are to be lapped one diamond (eight inches 
and securely tied in an approved manner. Reinforcement for the wing 
walls is to consist of bars of the sizes and arrangement given in 
the design of said walls. All reinforcement is to be clean, free 
from rust, and unpainted.
Waterproofing.
After completion the entire interior surface of each barrel 
shall be thoroughly painted with at least one coat of a 1 ;2 grout to 
render it watertight.
; Provision for present stream.
The Boneyard shall be diverted from its present course 
where such course lies along the line of the proposed conduit, and 
provision shall be made in every way to exclude water from the in- 
completed structure from such sources as seepage, floods, etc., and 
to protect all property along and adjacent to the stream from injury 
due to such causes. When very wet or unstable soil is encountered, 
l which, in the opinion of the engineer, is unsuitable for a founda­
tion, the contractor shall make the same suitable to build upon by 
underdrainage, placing of sand or gravel, driving of piles, or other I 
approved method.
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Provision for existing structures.
All sewers, gas or water pipes, or appurtenances thereto, 
and all sidewalks or pavements which must he disturbed during con­
struction shall be left by the contractor at his own expense in as 
good a condition as they were found. The finished surfaces of pave­
ments which have been torn up shall conform to the adjacent pavement 
or to the new grade which may be given them; and shall in every re­
spect be equal in quality, character, materials, and workmanship to 
the surface existing on the line of trench previous to making the 
excavation. Hot more than one street shall be kept closed at one 
time, but forms shall not be removed from under any street section 
and the same opened to traffic until permission is secured from the 
engineer.
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VI. ESTIMATE OS’ GOST.
A. center and two s ide  D a rre ls .
1 . Excavation
5,600 eu. yd. @ 25 j,....................................................... 1 ,  *+00.00
2 . Concrete in conduit
2 , 5 8 6  cu. yd. @ $8 .0 0  .....................................................  2 0 ,6 8 8 .0 0
3. Expanded rnetal ( in  conduit)
50,1+00 s q . f t .  3-9-35© #0.01+08 .............  2,050.32
55 1^1+0 " " 3 - 0 - i+O © 0.0457 ..............  2,533*61
1 ,8 0 0  " '» 3-0-75 ©0.0788 . . . . . . .  11+1.81+
1 1 , 1+1+0 " '* 3~ 6 - 1 00 © 0 . 1 05O . . . . . .  . 1 . 2 01 .2  0
5 , 9 32 .9 7
Freight
1 , 9 2 3  CWt. ©20  0 ..................................* 38 k. 60
Placing
192,256 ID. @ 1/2 /.................  961.28 7,278.85
1+. Concrete in wing w a l ls
22 cu. yd. @ | 6 . 0 0 ................................. .......................... 132.00
5. Reinforcement in wing w a l ls
1320 ID.  © #0.03 ( in  p la c e )  ........................................ 39*78
o. Manhole f i t t i n g s  ............       !+*75
7.  Grating (a t  i n l e t )
22i+ ID. @ 5 0 ................. ............... .=..... 1 1 «l20—
F i r s t  t o t a l  .......................................  2 9 , 5 5 )+*58
Engineering and contingent expense © 1 5  ................___
Total  cost  ......................................... f 3 3 , 987*77
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B. Center and one side Barrel.
1 . Excavation
3,850 cu. yd. @ 25 0 ....................... ... 962.30
2. Concrete in conduit
1,780 cu. yd. © #8.00 ..........................  1*+,240.00
3. Expanded metal
33,!+80 sq.ft. 3-9-35 @ #0.0408 ......  1 ,365.98
36,960 « " 3-6-40© 0.0457 ....... 1 ,689.07
900 * '< 3-6-75 @ 0.0788 ...___  70.92
10,065 " I( 3-6-100© O.IO5O ....... 1 ,056.83
4,182.80
Freight
1 ,36 1 cwt. @ 20 0 ....................  272.2 0
Placing
136,100 IB. © 1/2 <jt ..................  0SO.5O 5,135.50
4. Concrete in wing walls
22 cu. yd. © 1 6. 00 .............................. 132.00
5. Reinforcement in wing walls
1,326 IB. @ 3 0 (in place) .....................  39*78
6. Manhole fittings . ............................... . 4.75
7 . Grating (at inlet)
22 4 IBS. © 5 0 ..... ... ..... ..... ..... .....  11.2 0
First total . .................. 20,525.73
Engineering and contingent expenses © 15^ ............. 3, 078.80
Total cost .#23, 004.59
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G. Center barrel only.
1. Excavation
2,050 cu.yd. @ 25 £ ............................. I 512.50
2. Concrete in conduit
94b cu. yd. @ #8.00 ............................. 7 , 308.00
3. Expanded metal
16,920 sq.ft. 3-9-35 ©$0.0408 ... 090.34
18,480 *' " 3-6-40® 0.0457 ......... 844.54
8,855 " “ 3-0-1 OO @ 0 . 1 0 5 0 ......  929.78
2 ,4 6 4 . 0 6
Freight
810 cwt. ©20 )6 ........  162.00
Placing
81,048 lb. © 1/ 2ft  ....  405.24 3,031.90
4. Concrete in wing walls
22 cu. yd. ©|o . O O ............ 132.00
5. Reinforcement in wing walls
1,326 lb. ©3 $ (in place) . .... .....  39-78
6. Manhole fittings ................... ............ . 4.75
7 . Grating (at inlet)
224 lbS. ©5 ...... .....  •  ... 11.20
First total .... ............  1 1 ,300.13
Engineering and contingent expenses @ 15 . ......  1 ,095.02
Total cost 1 2 , 9 9 b . 15
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